Conservation of the energy available in each sensor node and increasing network lifetime are most important design issues for a wireless sensor network (WSN). Many routing algorithms have been developed in this regard. Out of all these, clustering algorithms have gained a lot of importance in increasing the network lifetime thereby the efficiency of the nodes in it. Clustering provides an effective way for prolonging the lifetime of WSN. This paper elaborately compares the two renowned routing protocols namely, LEACH and EAMMH supported by simulations scenarios, and analysis of the results against known metrics with energy and network lifetime being major among them.
Introduction
Wireless Sensor Networks are usually spread over large areas requiring methods that can manage the WSN's in a better way. Recent advances in the field of communication technologies and the manufacture of cheap wireless devices have led to the advent of minimum powered wireless sensor networks. Due to their ease of deployment and multi-natured functionality of the sensor nodes, WSN have been utilized for a range of applications such as ocean waves monitoring, temperature monitoring, etc [1, 2] . Key issue in wireless sensor networks is maximizing the network lifetime [3] . Researchers have proposed numerous routing protocols to improve performance of different application in a wireless sensor network. Most of the protocols in Wireless Sensor Networks are designed based on single path-routing strategy without considering the various effects of various load traffic intensities. Such a network will be nonexistent as the energy of the nodes near the base station drains quickly. Many routing protocols have been suggested to overcome such issues [4, 5] . Out of these, clustering algorithms have been of much interest as they well balance several key factors of Wireless Sensor Networks operation simultaneously [6] .
In the rest of this paper, a working and analysis of LEACH and EAMMH protocols are presented. The details about simulations using MATLAB tool and the analysis of results are also presented. In conclusion, the effectiveness of both LEACH and EAMMH for respective scenarios and recommendations are proposed.
LEACH (Low-Energy Adaptive Clustering Hierarchy)
LEACH is the first and most popular energy-efficient hierarchical clustering algorithm for WSNs that was proposed for reducing power consumption [7, 8] . In LEACH, the clustering task is rotated among the nodes, based on duration. It uses clusters to prolong the life of the wireless sensor network. LEACH is based on an aggregation (or fusion) technique that combines or aggregates the original data into a smaller size of data that carry only meaningful information to all individual sensors [9] . LEACH divides the network into several cluster of sensors. LEACH uses a randomize rotation of high-energy CH position rather than selecting in static manner, to give a chance to all sensors to act as CHs and avoid the battery depletion of an individual sensor and dying quickly. LEACH is completely distributed and requires no global knowledge of network. LEACH uses single-hop routing where each node can transmit directly to the cluster-head and the sink. Therefore, it is not applicable to networks deployed in large regions. Furthermore, the idea of dynamic clustering brings extra overhead, e.g. head changes, advertisements etc., which may diminish the gain in energy consumption. While LEACH helps the sensors within their cluster dissipate their energy slowly, the CHs consume a larger amount of energy when they are located farther away from the sink.
EAMMH (Energy Aware Multi-hop Multi-path Hierarchical) Routing Protocol

Figure 1: Flowchart of EAMMH
EAMMH routing protocol was developed by inducing the features of energy aware routing and multi-hop intra cluster routing [10] . The operation of the EAMMH protocol is broken up into rounds where each round begins with a set-up phase, when the clusters are organized, followed by a steady-state phase, when data transfers to the base station occur. The above flow chart describes the overview of the protocol initially the user has to give the input which is in the form of number of nodes.
Simulation Details
Both LEACH and EAMMH are simulated using MATLAB. The parameters taken into consideration while evaluating EAMMH and LEACH are as follows.
Round 
MEMS and Mechanics
To simplify the simulation of these protocols few assumptions are made. They are as follows:
1) Initial energy of nodes is same.2) Nodes are static .3) Nodes are assumed to have a limited transmission range 4) Homogeneous distribution of nodes. 5) Nodes always have to send the data. Details of the simulation environment are mentioned in Table 1 , below: Simulation of protocol at 0.05 probability
The below set of results represent the simulation of both protocols at 0.05 probability that is the percentage of total nodes which can become cluster head is 5% of the total number of nodes. 
Simulation of Protocols at 0.1 probability
The below set of results represent the simulation of both protocols at 0.1 probability that is the percentage of total nodes which can become cluster head is 10% of the total number of nodes. 
Simulation of Protocols at 0.2 probability
The below set of results represent the simulation of both protocols at 0.2 probability that is the percentage of total nodes which can become cluster head is 20% of the total number of nodes. 
Analyses of Simulations
From the simulations we observe that the nodes which are far away from the base station are the ones which drain energy quickly than the rest which are nearer to the Base Station. This is due to the fact that the nodes or the Cluster Head which are farther from the Base Station have to dissipate large amounts of energy to send the information as they will have to travel longer distances.
The reason why EAMMH performs better than LEACH in majority of the scenarios is for the reason that EAMMH consists of an intra cluster routing mechanism which will help make the network survive for a longer time. LEACH on the other hand has a one hop communication with the CH and then to the Base Station. Even though LEACH employs Multi-hop mechanisms, EAMMH with the usage of Multi-path and hierarchical routing parameters and techniques with the inclusion of Multi-hop can perform with much better energy efficiency than LEACH in cases where more number of nodes are involved. In cases when there are a few nodes as an intra-cluster routing mechanism can add to the overhead of the node, LEACH in its simple mode of operation proves to be more energy efficient.
MEMS and Mechanics
Observations & Results
Both LEACH and EAMMH lose energy as the number of round increases. (Fig.2 to 19) . Upto 50 nodes, for most of the observations both EAMMH and LEACH show similar performance. However for 150 and 200 nodes, as experimented EAMMH shows better performances. (Fig. 2 to 19)
For number of dead nodes and the average energy of each node, for 150 and 200 nodes, EAMMH curve ( Fig. 3,4,6 & 7) shows good variance indicating better efficiency and outperforms LEACH by a factor of 18.75% and 14% respectively. (Fig. 2 & 3) .
At 0.1 CH selection probability, for number of dead nodes and the average energy of each node, as the number of nodes are increased more than 50, EAMMH out-performs LEACH by 12% and 14%. (Fig. 9,10 ,12 &13) At 0.2 CH probability selections, EAMMH energy factor out-performs when compared to LEACH by 53% for 150 nodes and 51% for 200 nodes. (Fig. 15, 16, 18 & 19) .
For most cases though EAMMH performs better -The first dead node in most of the operations is by EAMMH; whereas LEACH has a delayed time in getting the first dead node but a larger number of nodes run out of energy in a short period of time subsequently in LEACH.
For various probability levels, as observed during the simulation: EAMMH perform better in terms of average energy of each node and the total number of dead nodes. And LEACH is found to perform better for a lesser number of total numbers of nodes. With increasing probability for election of Cluster Head, the average energy gap in the graph for each node increases favoring EAMMH
Conclusion
The main challenge in the design of protocols for Wireless Sensor Network (WSN) is energy efficiency due to the limited amount of energy in the sensor nodes. The ultimate motive behind any routing protocol is to be as energy efficient as possible to keep the network running for a longer period of time.
In this paper we have presented clustering of sensor nodes as a means to overcome this difficulty of energy efficiency. Detailed description about the working of two protocols, namely LEACH and EAMMH are presented. We have presented the details about the simulation and the results of it. From the analyses of the simulation we have come to a conclusion that LEACH is preferred in cases of smaller networks where the total number of nodes are less than fifty, where it performs slightly better compared to EAMMH. And EAMMH is preferred in larger WSN and when the heuristic probability of Cluster Head selection is greater than or equal to 0.1 ( ≥ 10%).
